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(57) ABSTRACT

An image forming apparatus includes: a recording head hav-
ing a first nozzle row and a second nozzle row that are adja-
cent to each other in a direction perpendicular to a conveying

100
J 13
R (107 £108 CARRIAGE
HEAD-DRIVE HEAD
le>| CONTROL oever 1 |recoroing
¢101 (102 103 104 unIT HEAD
111 0 D]
cru || ROM || RAM | [NVRAM MAIN- e * “14
£90 S ANNING- |1 SCANNING [+
HoST 108 DRIVING UNIT| | L MOTOR |
et F sua-m c112 (33
DRIVER SCANNING- || sc;S\HSING | CONVEYING
(105 116 MOTOR CANNIN BELT
o1 DRIVING UNIT] }
ASIC ‘ (e} 114 34
HIGH-
| CHARGING
¢ VOLTAGE
|_cireuiT ROLLER
(17 (118
OPERATION ENVIRONMENTAL
PANEL SENSOR




US 9,205,648 B2
Page 2

direction of a recording medium, a plurality of nozzles being
arrayed in the conveying direction in each of the first nozzle
row and the second nozzle row, each of the nozzles ejecting
one of p types of droplets including a predetermined specific
type of droplets, the p being an integer equal to or greater than
three; a moving unit that relatively reciprocates the recording
medium and the recording head in a direction perpendicular
to the conveying direction; and a control unit that controls
ejection of the p types of droplets from the nozzles, wherein
the nozzles in each of the first nozzle row and the second
nozzle row are divided into (p-1) nozzle groups in the con-
veying direction, first nozzles of the nozzles in a k-th nozzle
group (1=k=p-1) in the conveying direction and in one of the
first nozzle row and the second nozzle row ejects the specific
type of droplets, and second nozzles of the nozzles in the k-th
nozzle group in the conveying direction and in other one of
the first nozzle row and the second nozzle row ejects one of
the p types of droplets other than the specific type of droplets,
nozzles of each ofthe (p—1) nozzle groups that do not eject the
specific type of droplets ejects different one of the p types of

droplets other than the specific type of droplets, nozzles of
one of the (p-1) nozzle groups ejecting the specific type of
droplets at first in the conveying direction and nozzles of other
one of the nozzle groups (p-1) ejecting the specific type of
droplets at second in the conveying direction belong to dif-
ferent nozzle rows, and the control unit controls to eject, in
one of directions of the reciprocal movement, the p types of
droplets other than the specific type of droplets from the
nozzles of the each of the (p-1) nozzle groups that do not eject
the specific type of droplets and to eject the specific type of
droplets from the nozzles of the one of the (p-1) nozzle
groups ejecting the specific type of droplets at first in the
conveying direction and from the nozzles of the other one of
the (p-1) nozzle groups ejecting the specific type of droplets
at second in the conveying direction, and controls to eject, in
other one of the directions of the reciprocal movement, the p
types of droplets other than the specific type of droplets from
the nozzles of the each of the (p-1) nozzle groups that do not
eject the specific type of droplets.

8 Claims, 27 Drawing Sheets
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FIG.21
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IMAGE FORMING APPARATUS AND
CONTROL METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 13/637,853, filed Sep. 27, 2012, which is incorporated
herein by reference in its entirety. U.S. application Ser. No.
13/637,853 is a U.S. national stage application under 35
U.S.C. §371 of International Application No. PCT/JP2011/
058673, filed Mar. 30, 2011, which claims the benefit of
priority from Japanese Patent Application No. 2010-078825,
filed Mar. 30, 2010.

TECHNICAL FIELD

The present invention relates to an image forming appara-
tus and a control method.

BACKGROUND ART

Personal computers and workstations have been wide-
spread as image processing apparatuses that process image
data. Application software that runs on the above image pro-
cessing apparatuses forms image data formed of various
objects (character, painting, line, and photograph).

There exists printers, facsimile machines, copiers, and
multifunction peripherals having functions of the printers, the
facsimile machines, and the copiers, as image forming appa-
ratuses that form and output an image of the image data. As
for an image forming method, there exists for example an
inkjet recording method and electrophotography, and form an
image by using image forming material such as recording
liquid (ink) or toner.

Among the above image forming apparatuses, apparatuses
that perform digital image recording by using the inkjet sys-
tem is increasingly developed and becoming popular.

In general, an inkjet recording apparatus includes a record-
ing means (print head), a carriage for mounting an ink tank, a
conveying means for conveying a recording sheet, and a con-
trol means for controlling these means. In recent years, a
so-called serial system is becoming popular as the inkjet
recording system.

In the serial system, a print head that ejects ink droplets via
a plurality of ejection ports is caused to perform serial scan-
ning in a direction (main-scanning direction) perpendicular to
conveying direction of a recording-sheet (sub-scanning direc-
tion), and intermittent conveyance is performed by the
amount equal to a recording width when recording is not
performed.

Color inkjet recording apparatuses form color images by
layering ink droplets ejected from print heads for a plurality
of colors.

Meanwhile, there has been proposed a so-called bidirec-
tional printing technology for ejecting ink droplets during
scanning in forward and backward direction in the main-
scanning direction in order to increase image forming speed.
Furthermore, many inkjet recording apparatuses have a
monochrome printing mode for saving ink. Moreover, there is
a demand for decreasing the number of print heads as one way
of reducing costs of inkjet recording apparatuses. It is desired
to achieve high speed and high image quality while meeting
the above three requirements. Problems in achieving high
speed and high image quality will be explained below.

15

20

25

45

2

High Image Quality in Bidirectional Printing

As a problem specific to bidirectional printing, band
unevenness that occurs in the main-scanning direction has
been known (hereinafter, referred to as a bidirectional color
difference). The bidirectional color difference is a phenom-
enon that occurs due to a significant color difference caused
by change between order of layering of colors during the
scanning in the forward direction and order of layering of ink
during the scanning in the backward direction.

For example, when red is created, the color is produced by
mixing magenta ink and yellow ink. However, when magenta
ink is first ejected and then yellow ink is ejected on the
magenta ink, magenta-like red is created. When ejection is
performed in reverse order, yellowish red is created. That is,
firstly-ejected color becomes dominant.

Unlike dye ink that is dissolved in ink, pigment ink or
colored-resin-emulsion-containing ink, in which particulate
colorant components are dispersed, is greatly affected by the
order of layering. Therefore, the above phenomenon is an
extremely big problem. The problem with the bidirectional
color difference can be solved by unifying the order of lay-
ering of ink in both directions.

High Speed in Monochrome Printing

In a serial scanning system, there is a known method for
increasing a head width in order to achieve high speed. This
allows increase in a double-wide image formation width, so
that image formation can be complete at higher speed. With
use of this method, it is possible to speed up monochrome
printing. More specifically, various methods have been pro-
posed, in which, for example, a long head is provided for
specific ink or the number of ejection nozzles for specific ink
is increased.

To solve the problem with the high speed and high image
quality as described above, Japanese Patent Application Laid-
open No. 2004-106392, for example, discloses a technology
for disposing a color nozzle in a nozzle row direction and
unifying bidirectional landing order of color ink in order to
reduce a bidirectional color difference. In the method dis-
closed in Japanese Patent Application Laid-open No. 2004-
106392, speed of black monochrome printing can be
increased by providing a black nozzle separately from a color
nozzle.

Japanese Patent No. 4144852 discloses a technology for
increasing the length of a black nozzle to more than double
the length of a color nozzle in order to unify the bidirectional
landing order and increase the speed of black monochrome
printing.

Japanese Patent Application Laid-open No. 2001-171151
discloses a technology for switching between a head used in
a main scanning in a forward direction and a head used in the
main scanning in a backward direction in order to unify the
bidirectional landing order.

Japanese Patent Application Laid-open No. 2005-305959
discloses a technology for symmetrically disposing color
nozzles in the sub-scanning direction in order to unify the
bidirectional landing order and to increase the speed of image
formation.

However, in the method disclosed in Japanese Patent
Application Laid-open No. 2004-106392, there is a problem
in that it is difficult to unify the landing order for nozzles
including the separately-disposed black nozzle. In the meth-
ods disclosed in other Patent Literatures, there is a problem in
that a head having a specific structure or a plurality of heads
is needed.

The present invention has been made in view of the above,
and it is an object of the present invention to provide an image
forming apparatus and a control method capable of unifying
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the landing order in bidirectional printing and increasing the
speed of monochrome printing.

DISCLOSURE OF INVENTION

It is an object of the present invention to at least partially
solve the problems in the conventional technology.

According to an aspect of the present invention, there is
provided an image forming apparatus including: a recording
head having a first nozzle row and a second nozzle row that
are adjacent to each other in a direction perpendicular to a
conveying direction of a recording medium, a plurality of
nozzles being arrayed in the conveying direction in each of
the first nozzle row and the second nozzle row, each of the
nozzles ejecting one of p types of droplets including a prede-
termined specific type of droplets, the p being an integer equal
to or greater than three; a moving unit that relatively recipro-
cates the recording medium and the recording head in a direc-
tion perpendicular to the conveying direction; and a control
unit that controls ejection of the p types of droplets from the
nozzles, wherein the nozzles in each of the first nozzle row
and the second nozzle row are divided into (p-1) nozzle
groups in the conveying direction, first nozzles of the nozzles
in a k-th nozzle group (1=<k=p-1) in the conveying direction
and in one of the first nozzle row and the second nozzle row
ejects the specific type of droplets, and second nozzles of the
nozzles in the k-th nozzle group in the conveying direction
and in other one of the first nozzle row and the second nozzle
row ejects one ofthe p types of droplets other than the specific
type of droplets, nozzles of each of the (p-1) nozzle groups
that do not eject the specific type of droplets ejects different
one of the p types of droplets other than the specific type of
droplets, nozzles of one of the (p-1) nozzle groups ejecting
the specific type of droplets at first in the conveying direction
and nozzles of other one of the nozzle groups (p-1) ejecting
the specific type of droplets at second in the conveying direc-
tion belong to different nozzle rows, and the control unit
controls to eject, in one of directions of the reciprocal move-
ment, the p types of droplets other than the specific type of
droplets from the nozzles of the each of the (p-1) nozzle
groups that do not eject the specific type of droplets and to
eject the specific type of droplets from the nozzles of the one
of'the (p-1) nozzle groups ejecting the specific type of drop-
lets at first in the conveying direction and from the nozzles of
the other one of'the (p-1) nozzle groups ejecting the specific
type of droplets at second in the conveying direction, and
controls to eject, in other one of the directions of the recipro-
cal movement, the p types of droplets other than the specific
type of droplets from the nozzles of the each of the (p-1)
nozzle groups that do not eject the specific type of droplets.

According to another aspect of the present invention, there
is provided a control method implemented by an image form-
ing apparatus that includes: a recording head having a first
nozzle row and a second nozzle row that are adjacent to each
other in a direction perpendicular to a conveying direction of
a recording medium, a plurality of nozzles being arrayed in
the conveying direction in each of the first nozzle row and the
second nozzle row, each of the nozzles ejecting one of p types
of droplets including a predetermined specific type of drop-
lets, the p being an integer equal to or greater than three,
wherein the nozzles in each of the first nozzle row and the
second nozzle row are divided into (p-1) nozzle groups in the
conveying direction, first nozzles ofthe nozzles in k-th nozzle
group (1=k=p-1) in the conveying direction and in one of the
first nozzle row and the second nozzle row ejects the specific
type of the droplet, and second nozzles of the nozzles in the
k-th nozzle group in the conveying direction and in other one
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of'the first nozzle row and the second nozzle row ejects one of
the p types of droplets other than the specific type of droplets,
nozzles of each ofthe (p—1) nozzle groups that do not eject the
specific type of droplets ejects different one of the p types of
droplets other than the specific type of droplets, nozzles of
one of the (p-1) nozzle groups ejecting the specific type of
droplets at first in the conveying direction and nozzles of other
one of the nozzle groups (p-1) ejecting the specific type of
droplets at second in the conveying direction belong to dif-
ferent nozzle rows, the control method including: relatively
reciprocating the recording medium and the recording head in
a direction perpendicular to the conveying direction; and
controlling to eject, in one of directions of the reciprocal
movement, the p types of droplets other than the specific type
of droplets from the nozzles of the each of the (p-1) nozzle
groups that do not eject the specific type of droplets and to
eject the specific type of droplets from the nozzles of the one
of'the (p-1) nozzle groups ejecting the specific type of drop-
lets at first in the conveying direction and from the nozzles of
the other one of the (p-1) nozzle groups ejecting the specific
type of droplets at second in the conveying direction, and
controls to eject, in other one of the directions of the recipro-
cal movement, the p types of droplets other than the specific
type of droplets from the nozzles of the each of the (p-1)
nozzle groups that do not eject the specific type of droplets.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic configuration diagram of a whole
mechanical unit of an inkjet recording apparatus;

FIG. 2 is a plan view for explaining main parts of the inkjet
recording apparatus;

FIG. 3 is a perspective view for explaining a head structure
of the inkjet recording apparatus;

FIG. 4 is a schematic cross-sectional view for explaining a
conveying belt of the inkjet recording apparatus;

FIG. 5 is a diagram for explaining a recording operation
performed by the inkjet recording apparatus;

FIG. 6 is a block diagram of a whole control unit;

FIG. 7 is a diagram illustrating an example of an image
processing apparatus including a printer driver that transfers
image data to form an image by the inkjet recording appara-
tus;

FIG. 8is adiagram illustrating an example of disposition of
nozzles of a recording head according to a first embodiment;

FIG. 9 is a diagram for explaining an overview of control
for unifying landing order when an upper end of an image is
printed;

FIG. 10 is a diagram for explaining an overview of control
for unifying landing order when a lower end of an image is
printed;

FIG. 11 is a diagram for explaining an overview of control
for performing monochrome printing;

FIG. 12 is a diagram illustrating another example of dis-
position of nozzles of the recording head;

FIG. 13 is a diagram for explaining an overview of control
for unifying landing order when an upper end of an image is
printed with the head structure illustrated in FIG. 12;

FIG. 14 is a diagram for explaining an overview of control
for unifying landing order when a lower end of an image is
printed with the head structure illustrated in FIG. 12;

FIG. 15 is a diagram illustrating still another example of
disposition of nozzles of the recording head;

FIG. 16 is a diagram for explaining an overview of control
for unifying landing order when an upper end of an image is
printed with the head structure illustrated in FIG. 15;
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FIG. 17 is a diagram for explaining an overview of control
for unifying landing order when a lower end of an image is
printed with the head structure illustrated in FIG. 15;

FIG. 18 is a diagram for explaining an overview of control
performed when monochrome printing is performed with the
head structure illustrated in FIG. 15;

FIG. 19 is a diagram illustrating another configuration
example of the recording head;

FIG. 20 is a diagram illustrating another configuration
example of the recording head;

FIG. 21 is a diagram illustrating an example of disposition
of'nozzles of a recording head according to a second embodi-
ment;

FIG. 22 is a diagram for explaining an overview of control
for unifying landing order when an upper end of an image is
printed;

FIG. 23 is a diagram for explaining an overview of control
for unifying landing order when a lower end of an image is
printed;

FIG. 24 is a diagram for explaining an overview of control
performed when monochrome printing is performed with the
head structure illustrated in FIG. 21;

FIG. 25 is a diagram illustrating another example of dis-
position of nozzles of the recording head;

FIG. 26 is a diagram for explaining an overview of control
for unifying landing order when an upper end of an image is
printed with the head structure illustrated in FIG. 25;

FIG. 27 is a diagram for explaining an overview of control
for unifying landing order when a lower end of an image is
printed with the head structure illustrated in FIG. 25;

FIG. 28 is a diagram illustrating still another example of
disposition of nozzles of the recording head;

FIG. 29 is a diagram for explaining an overview of control
for unifying landing order when an upper end of an image is
printed with the head structure illustrated in FIG. 28;

FIG. 30 is a diagram for explaining an overview of control
for unifying landing order when a lower end of an image is
printed with the head structure illustrated in FIG. 28; and

FIG. 31 is a diagram for explaining an overview of control
performed when monochrome printing is performed with the
head structure illustrated in FIG. 28.

BEST MODE(S) FOR CARRYING OUT THE
INVENTION

Exemplary embodiments of an image forming apparatus
and a control method according to the present invention will
be described in detail below with reference to the accompa-
nying drawings.

First Embodiment

An image forming apparatus according to a first embodi-
ment is applied to what is called a serial-type inkjet recording
system, and implements functions described below.

(1) Unification of Landing Order of Ink at the Time of
Bidirectional Printing

Landing order of ink is unified by disposition of nozzles
and a print head moving and conveying operation. When
color printing is performed, a black nozzle is driven with
one-way scanning and a color nozzle is driven with two-way
scanning. The conveying amount is set to be equal to a width
of'the color nozzle that has been driven, so that an image can
be formed by performing scanning at least three times.

(2) High-Speed Monochrome Printing

A print head has one nozzle group with a width at least
three times greater than that of color nozzles. A print mode
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using this nozzle group only is provided, so that monochrome
printing can be performed at speed about three times faster
than the speed of image formation using the nozzles for all
colors.

(3) Simple Head and Nozzle Structure

The print head has two or more nozzle rows, and at least
two nozzle groups arranged in the nozzle row direction. This
enables to handle a case in which there is a nozzle that cannot
be used for different colorants because of the layout of colo-
rant supply paths communicating with nozzle holes.

An example of an inkjet recording apparatus as the image
forming apparatus of the first embodiment will be described
below with reference to FIGS. 1 to 4. FIG. 1 is a schematic
configuration diagram of a whole mechanical unit of the
inkjet recording apparatus. FIG. 2 is a plan view for explain-
ing main parts of the inkjet recording apparatus. FIG. 3 is a
perspective view for explaining a head structure of the inkjet
recording apparatus. FIG. 4 is a schematic cross-sectional
view for explaining a conveying belt of the inkjet recording
apparatus.

An inkjet recording apparatus 1 includes an image forming
unit 2 or the like inside an apparatus body and includes a feed
tray 4 that can stack a plurality of recording media (herein-
after, referred to as “sheets”) 3 on the lower side of the
apparatus body. The inkjet recording apparatus 1 picks up the
sheet 3 fed from the feed tray 4, causes the image forming unit
2 to record a necessary image while conveying the sheet 3 by
a conveying mechanism 5, and discharges the sheet 3 to a
discharge tray 6 attached to a lateral side of the apparatus
body.

The inkjet recording apparatus 1 further includes a duplex
unit 7 that is detachably attached to the apparatus body. When
performing duplex printing, the inkjet recording apparatus 1
takes the sheet 3 in the duplex unit 7 while conveying the sheet
3 in a reverse direction by the conveying mechanism 5 after
printing on one side (top side) is complete, reverses the sheet
3, re-feeds the sheet 3 with other surface (back side) up as a
printing surface to the conveying mechanism 5, performs
printing on the other surface (back side), and discharges the
sheet 3 to the discharge tray 6.

In the image forming unit 2, a carriage 13 is slidably
supported by guide shafts 11 and 12, and is moved by a
main-scanning motor (not illustrated) in a direction perpen-
dicular to a conveying direction of the sheet 3 (main scan-
ning). A recording head 14 formed of droplet ejection heads
having a plurality of nozzle holes 14 (see FIG. 3) as ejection
ports for ejecting droplets is mounted on the carriage 13. An
ink cartridge 15 for supplying liquid to the recording head 14
is detachably mounted on the carriage 13. It is possible to
mount a sub tank instead of the ink cartridge 15 and replenish
and supply ink to the sub tank from a main tank.

As illustrated in FIGS. 2 and 3, the recording head 14 is
formed of, for example, four independent recording heads
14y, 14m, 14¢, and 14k, which are droplet ejection heads for
ejecting ink droplets of respective colors, i.e., yellow (Y),
magenta (M), cyan (C), and black (K). However, the record-
ing head may be structured such that one or more heads
having a plurality of nozzle rows for ejecting ink droplets of
different colors are used. The number of colors and order of
arrangement are not limited to this example.

An inkjet head constituting the recording head 14 may
include, as an energy generating means, a piezoelectric actua-
tor, such as a piezoelectric element, a thermal actuator that
utilizes phase-change caused by liquid film boiling with the
aid of an electro-thermal conversion element such as a heat
resistive element, a shape-memory alloy actuator that utilizes
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metallic phase-change caused by temperature change, and an
electrostatic actuator that utilizes electrostatic force.

Asthe electro-thermal conversion element, an electro-ther-
mal conversion element having nonlinear characteristics, in
which a resistance value is less likely to change when a low
voltage is applied but the resistance value greatly changes
when a voltage equal to or greater than a predetermined value
is applied.

In an electro-thermal conversion element having linear
characteristics, when a plurality of heating means is selec-
tively driven, a noise voltage is applied to an unselected
heating means. Accordingly, energy may be wasted or a driv-
ing voltage may be disturbed, so that an ejection amount of
ink may be changed. As a result, a recorded image may be
disturbed. In particular, in an inkjet recording head that
applies a voltage to a plurality of vertical wirings and a
plurality of horizontal wirings in order to selectively drive
heating means that are arranged in a matrix manner at inter-
sections of the vertical wirings and the horizontal wirings, a
voltage lower than a driving voltage may be applied to an
unselected heating means during driving. If this voltage is a
forward voltage, the unselected heating means generates
unnecessary heat. When the unnecessary heat is generated
and accumulated, and if the heating means is heated for
ejection, the heating means generates heat in excess of a
specified value, so that more amount of ink than is necessary
is ejected. Therefore, the ink ejection amount may vary
between nozzles.

By contrast, with use of the electro-thermal conversion
element having nonlinear characteristics, unnecessary heat is
not generated even when a voltage, such as noise, lower than
a driving voltage is applied to a heating means, so that varia-
tion in the ink ejection amount can be suppressed and good
granularity and tone of a printed object can be ensured.
Besides, because unnecessary heat can be prevented, energy
wasting can be prevented.

Further, it is possible to measure a resistance value of each
electro-thermal conversion element of the recording head,
and adjust a driving voltage to be applied to each electro-
thermal conversion element based on the resistance value. In
particular, when the length of the recording head is increased,
the resistance value of an electro-thermal conversion element
of each nozzle is more likely to vary, and therefore, the
amount of ejected ink varies. However, by adjusting an appli-
cation voltage by feeding back the resistance value of each
electro-thermal conversion element, it is possible to eject ink
droplets of a desired size.

When a thermal-type recording head is used, a protective
layer may be arranged on an electro-thermal conversion ele-
ment (ejection energy generator). With the protective layer,
the electro-thermal conversion element is not directly influ-
enced by corrosion due to ink, kogation (ink component gets
burned), or cavitation (collapse due to shock when bubbles
are constricted). Therefore, the electro-thermal conversion
element is not damaged, so that the lifetime of the electro-
thermal conversion element can be lengthened.

The sheets 3 in the feed tray 4 are separated one by one by
a feed roller (semilunar roller) 21 and a separation pad (not
illustrated), fed to the inside of the apparatus body, and deliv-
ered to the conveying mechanism 5.

The conveying mechanism 5 includes: a conveyance guide
unit 23 that guides the fed sheet 3 to an upper side along a
guide surface 234 and guides the sheet 3 delivered from the
duplex unit 7 along a guide surface 235; a conveying roller 24
that conveys the sheet 3; a pressing roller 25 that presses the
sheet 3 toward the conveying roller 24; a guide member 26
that guides the sheet 3 toward the conveying roller 24; a guide
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member 27 that guides the sheet 3, which has been returned
for duplex printing, to the duplex unit 7; and a pressing roller
28 that presses the sheet 3 to be fed from the conveying roller
24.

The conveying mechanism 5 further includes, to convey
the sheet 3 while maintaining the flatness of the sheet 3 with
the aid of the recording head 14, a conveying belt 33 extended
between a driving roller 31 and a driven roller 32; a charging
roller 34 that charges the conveying belt 33; a guide roller 35
opposed to the charging roller 34; a guide member (platen
plate) (not illustrated) that guides the conveying belt 33 at a
position facing the image forming unit 2; and a cleaning roller
made of porous body and serving as a cleaning means for
removing recording liquid (ink) adhered to the conveying belt
33.

The conveying belt 33 is an endless belt extended between
the driving roller 31 and the driven roller (tension roller) 32
and is structured to rotate in a direction of the arrow (sheet
conveying direction) illustrated in FIG. 1.

The conveying belt 33 may have a single-layer structure, a
double-layer structure formed of a first layer (topmost layer)
33a and a second layer (back layer) 335 as illustrated in FIG.
4, or three or more layer structures. For example, the convey-
ing belt 33 is formed of a top layer that functions as a sheet
adhesion surface and that is made of pure resin material, e.g.,
ethylene tetrafluoroethylene (ETFE) pure material, without
resistance control and with a thickness of 40 um, and a back
layer (medium-resistivity layer, ground layer) that is made of
the same material as that of the top layer with resistance
control by carbon.

The charging roller 34 is arranged so as to come into
contact with the top layer of the conveying belt 33 and rotate
along with the rotation of the conveying belt 33. A high-
voltage circuit (high-voltage power supply) (not illustrated)
applies a high voltage in a predetermined pattern to the charg-
ing roller 34.

A discharge roller 38 that discharges the sheet 3 carrying a
recorded image to the discharge tray 6 is arranged on a down-
stream side of the conveying mechanism 5.

Inthe inkjet recording apparatus 1 configured as above, the
conveying belt 33 rotates in the direction of the arrow, and is
positively charged by coming into contact with the charging
roller 34 to which a high-potential voltage is being applied. In
this case, polarity of charges applied by the charging roller 34
is changed at predetermined time intervals, so that the con-
veying belt 33 is charged at a predetermined charging pitch.

When the sheet 3 is fed onto the conveying belt 33 being
charged to a high potential, interior of the sheet 3 is polarized,
and charges with polarity opposite to that of charges on the
conveying belt 33 are induced on a contact surface between
the sheet 3 and the conveying belt 33. Accordingly, the
charges on the conveying belt 33 and the charges induced on
the sheet 3 being conveyed electrostatically attract each other,
so that the sheet 3 electrostatically adheres to the conveying
belt 33. Therefore, warpage and irregularities are corrected in
the sheet 3 strongly adhering to the conveying belt 33, so that
a highly flat surface can be obtained.

Then, the conveying belt 33 is rotated to move the sheet 3,
and the recording head 14 is driven according to an image
signal while the carriage 13 is moved for scanning in a one-
way direction or a both-way direction. Accordingly, as illus-
trated in FIGS. 5(a) and (b), the recording head 14 is caused
to eject (spray) liquid droplets 14i such that ink droplets being
liquid droplets land onto the sheet 3 being stopped, whereby
dots Di are formed and recording for one line is complete.
Subsequently, the sheet 3 is conveyed a predetermined dis-
tance, and next recording is performed. When a recording end
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signal or a signal indicating that a trailing end of the sheet 3
has reached a recording region is received, a recording opera-
tion is ended. A dot Di portion illustrated in FIG. 5(a) is
enlarged in FIG. 5(b).

In this manner, the sheet 3 carrying a recorded image is
discharged to the discharge tray 6 by the discharge roller 38.

An overview of a control unit of the inkjet recording appa-
ratus 1 will be described below with reference to FIG. 6. FIG.
61s a block diagram of a whole control unit. A control unit 100
includes: a central processing unit (CPU) 101 that controls
the whole inkjet recording apparatus 1; a read only memory
(ROM) 102 for storing computer programs to be executed by
the CPU 101 and other fixed data; a random access memory
(RAM) 103 for temporarily storing image data or the like; a
nonvolatile memory (NVRAM) 104 for storing data even
when power of the apparatus is shut off; and an application
specific integrated circuit (ASIC) 105 that performs various
types of signal processing, image processing for sorting or the
like, and processing on input signals to control the whole
apparatus.

The control unit 100 further includes: an I/F 106 for trans-
mitting and receiving data and signals to and from a host 90
that is a data processing apparatus, such as a personal com-
puter, on which a printer driver according to the present
invention is mountable; a head-drive control unit 107 and a
head driver 108 that control driving of the recording head 14;
a main-scanning-motor driving unit 111 that drives a main-
scanning motor 110; a sub-scanning-motor driving unit 113
that drives a sub-scanning motor 112; an environmental sen-
sor 118 that detects environmental temperature and/or envi-
ronmental humidity; and an I/O 116 for inputting detection
signals from various sensors (not illustrated).

The main-scanning-motor driving unit 111 rotates the
main-scanning motor 110 based on an instruction from the
CPU 101 to thereby move the carriage 13 in a forward direc-
tion and a backward direction of the main-scanning direction.
The main-scanning-motor driving unit 111 functions as a
moving means for relatively reciprocating the sheet 3 (record-
ing medium) and the recording head 14 with each other. The
configuration illustrated in FIG. 6 is one example, and any
conventionally-known methods for relatively reciprocating
the sheet 3 (recording medium) and the recording head 14
with each other may be applied.

An operation panel 117 for inputting and displaying infor-
mation necessary for the inkjet recording apparatus 1 is con-
nected to the control unit 100. The control unit 100 performs
control to switch ON/OFF of a high-voltage circuit (high-
voltage power supply) 114 that applies a high voltage to the
charging roller 34, and also performs control to change output
polarity.

The control unit 100 receives, through the I/F 106, print
data including image data from the host 90 via a cable or a
network. Examples of the host 90 include a data processing
apparatus such as a personal computer, an image reading
apparatus such as an image scanner, and an imaging apparatus
such as a digital camera. The print data is generated and
output to the control unit 100 by a printer driver 91 of the host
90.

The CPU 101 reads and analyzes the print data in a receiv-
ing buffer included in the I/F 106, causes the ASIC 105 to
perform a data sorting process or the like, and sends image
data to the head-drive control unit 107. As described above,
the print data for outputting an image is converted into bitmap
data in such a manner that the printer driver 91 of the host 90
side loads the image data as the bitmap data and sends the
bitmap data to the apparatus. However, the conversion may be
performed by storing font data in the ROM 102.
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When receiving image data (dot pattern data) correspond-
ing to one line of the recording head 14, the head-drive control
unit 107 outputs, as serial data, the dot pattern data for one
line to the head driver 108 in synchronization with a clock
signal, and also outputs a latch signal to the head driver 108 at
predetermined timing.

The head-drive control unit 107 includes a ROM (which
may be formed of the ROM 102) for storing pattern data of a
drive waveform (drive signal), and a waveform generator
circuit that includes a digital to analog (D/A) converter for
performing D/A conversion on data of the drive waveform,
which is read from the ROM, and a drive-waveform generator
circuit formed of an amplifier or the like.

The head driver 108 includes: a shift register that inputs the
clock signal and the serial data as the image data, which are
sent from the head-drive control unit 107; a latch circuit that
latches a register value of the shift register by the latch signal
sent from the head-drive control unit 107; a level converting
circuit (level shifter) that changes the level of an output value
of the latch circuit; and an analog switch array (switching
means) of which ON/OFF is controlled by the level convert-
ing circuit. The head driver 108 controls ON/OFF of the
analog switch array to selectively apply a predetermined drive
waveform contained in the drive waveform to an actuator
means of the recording head 14, thereby driving the head.

The head-drive control unit 107 and the head driver 108
function as a control means for controlling ejection of drop-
lets from the nozzles.

According to the embodiment, it is possible to perform
printing without forming a margin on at least one edge of a
printing object.

Even when ink is sprayed so as to perform printing up to the
absolute edge of a printing object, it is often difficult to drop
ink onto ideal landing positions because of feed error in a
printing-object conveying system, drive error in the carriage,
or the like. Accordingly, even when printing is performed so
as not to form a margin, a margin may be formed in some
cases. Therefore, printing is performed on a wider region than
an ideal region by taking into account error in printing posi-
tions, so that ink is inevitably ejected even onto the outside of
the printing object. Because ink on the outside of the printing
object does not contribute to recording, the ink is wasted.
Therefore, it is desirable to prevent ink from dropping onto
the outside of the printing object as much as possible.

As a method for preventing ink from dropping onto the
outside of the printing object, for example, a method for
improving printing-object conveying accuracy has been
known. By improving the conveying accuracy to reduce an
expected region onto which ink drops outside the printing
object, it is possible to reduce wasting of ink. More specifi-
cally, when printing is performed on the edge of a printing
object, it may be possible to improve the conveying accuracy
by finely feeding the printing object.

An explanation will be given of, with reference to FIG. 7,
an example of an image processing apparatus that includes a
printer driver and that serves as a host side for transferring
image data in order to form an image by the inkjet recording
apparatus 1. The printer driver 91 includes: a CMM (color
management module) processing unit 131 that converts a
color space for monitor display to a color space for the record-
ing apparatus (RGB color system—CMY color system) for
image data provided by application software or the like; an
BG/UCR (Black Generation/Under Color Removal) process-
ing unit 132 that performs black generation/under color
removal based on a CMY value; a y correcting unit 133 that
performs input-output correction to reflect characteristics of
the recording apparatus or user’s preference; a zooming unit
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134 that performs a zoom process according to resolution of
the recording apparatus; and a halftone processing unit 135
having a multi-valued/non-multi-valued matrix for replacing
the image data with a pattern array of dots to be ejected from
the recording apparatus.

As described above, the first embodiment is applied to
what is called a serial-type inkjet recording system (see FIG.
2). That is, a means for driving at least one recording head 14
having a plurality of nozzles for ejecting colorants (the head-
drive control unit 107 and the head driver 108), a means for
moving the recording head 14 (the main-scanning-motor
driving unit 111), and a means for conveying a recording
medium (the sub-scanning-motor driving unit 113) are pro-
vided.

A detailed explanation will be given of disposition of the
nozzles of the recording head 14 according to the first
embodiment, head movement control performed by the main-
scanning-motor driving unit 111, and conveyance control
performed by the sub-scanning-motor driving unit 113. In the
following, an example is explained in which four types of
colorants in respective colors, i.e., yellow (Y), magenta (M),
cyan (C), and black (K), are used. In this example, black (K)
is used as a specific type of color (hereinafter, referred to as a
specific color) that is determined in advance for use in mono-
chrome printing.

Due to the configuration of the recording head 14, the head
movement control, and the conveyance control described
below, it becomes possible to unify landing order of ink in
bidirectional scanning. Besides, printing in a print mode
using only the first colorant can be performed at faster speed
than printing in a print mode using a plurality of colorants.

FIG. 81s a diagram illustrating an example of disposition of
the nozzles of the recording head 14 according to the first
embodiment. As illustrated in FIG. 8, the recording head 14
has a first nozzle row and a second nozzle row, which are
adjacent to each other in a direction perpendicular to a sheet
conveying direction. Nozzles contained in each nozzle row
are divided into three nozzle groups of the first group to the
third group in this order from the upstream side to the down-
stream side of the conveying direction. The nozzles contained
in the same nozzle group eject droplets of the same color.

In the example illustrated in FIG. 8, the first group, the
second group, and the third group in the first nozzle row
contain nozzles of the first colorant (hereinafter, black (K)),
the second colorant (hereinafter, cyan (C)), and the third
colorant (hereinafter, yellow (Y)), respectively. Further, in the
example illustrated in FIG. 8, the first group, the second
group, and the third group in the second nozzle row contain
nozzles of the fourth colorant (hereinafter, magenta (M)), the
first colorant, and the first colorant, respectively.

In this manner, according to the first embodiment, nozzles
in a k-th nozzle group (k is an integer that satisfies 1<k=(the
number of colors—1)) in the conveying direction and in one of
the first nozzle row and the second nozzle row ejects droplets
of a specific color (black), and nozzles in the k-th nozzle
group in the conveying direction and in other one of the first
nozzle row and the second nozzle row ejects droplets of a
color other than the specific color.

Further, as illustrated in FIG. 8, the number of nozzles
contained in each nozzle group is identical (four in FIG. 8).
The number of nozzles for the first colorant (K) used in
monochrome printing is twelve as a sum of nozzles in the
three groups. By equalizing the number of nozzles contained
in each nozzle group, all of the nozzles can efficiently be used
at the time of image formation.

The head structure illustrated in FIG. 8 is one example, and
a head structure described below may also be applied. Spe-
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cifically, when an image is formed by using p types of colo-
rants (p is an integer equal to or greater than three), the first
nozzle row is divided into (p-1) groups such that the first
group handles the first colorant and the k-th group handles the
k-th colorant (k is an integer that satisfies 2<k=(p-1)), and the
second nozzle row is divided into (p-1) groups such that the
first group handles the p-th colorant and the second to (p-1)th
groups handle the first colorant.

An explanation will be given of, with reference to FIGS. 9
and 10, a control method for unifying landing order of ink at
the time of bidirectional printing by using the recording head
14 structured as illustrated in FIG. 8. FI1G. 9 is a diagram for
explaining an overview of control for unifying the landing
order when an upper end of an image is printed. FIG. 10 is a
diagram for explaining an overview of control for unifying
the landing order when a lower end of an image is printed.

In FIGS. 9 and 10, the first colorant nozzle to the fourth
colorant nozzle are represented by four symbols, i.e., circle,
square with a horizontal base, triangle, and square with an
non-horizontal base, respectively. Blacked-out symbols indi-
cate that droplets are ejected, and the other symbols indicate
that droplets are not ejected. In FIGS. 9 and 10, the number of
nozzles in each nozzle group is set to five.

When printing is started from the upper end of an image,
ejection and head movement are controlled as following. In
particular, at a first time scanning (first scanning) in the for-
ward direction of the main-scanning direction, ink (the fourth
colorant) is ejected from nozzles of the first group in the
second nozzle row, and ink (the first colorant) is ejected from
nozzles of the first group in the first nozzle row, in this order.
Thereafter, the sub-scanning-motor driving unit 113 conveys
a sheet in the sub-scanning direction by the amount of five
nozzles.

At the scanning in the backward direction of the main-
scanning direction (second scanning), ejection and head
movement are controlled as in the following. In particular, ink
(the second colorant) is ejected from nozzles of the second
group in the first nozzle row, and the ink (the fourth colorant)
is ejected from the nozzles of the first group in the second
nozzle row.

By the same procedure, third scanning, fourth scanning,
and fifth scanning illustrated in FIG. 9 are performed. There-
after, the third scanning, conveyance of the sheet by the
amount of five nozzles, and the fourth scanning are repeated
until the lower end of the image, whereby an image is formed.

The landing order implemented by the above control is
illustrated in the center of FIG. 9. In FIG. 9, the landing order
is represented by the numbers indicating the order of scan-
ning. As illustrated in FIG. 9, control is performed so that the
fourth colorant, the first colorant, the second colorant, and the
third colorant are caused to land in this order along one line in
the main-scanning direction.

As illustrated in FIG. 10, when a lower end of an image is
printed, ejection and head movement are controlled as in the
following. In particular, at the scanning subsequent to the
third scanning (i.e., fourth scanning) of FIG. 9, ink (the sec-
ond colorant) is ejected from nozzles of the second group in
the first nozzle row, and ink (the third colorant) is ejected from
nozzles of the third group in the first nozzle row, in this order.
Thereafter, at the subsequent scanning (i.e., fifth scanning),
ejection and head movement are controlled so that ink (the
third colorant) is ejected from nozzles of the third group of the
first nozzle row.

A detailed explanation will be given of, with reference to
FIG. 11, head movement control and conveyance control
performed when black monochrome printing is performed.
FIG. 11 is a diagram for explaining an overview of control for
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performing monochrome printing. As described above with
reference to FIG. 8, the number of nozzles for the first colo-
rant (black (K)) is greater than the number of the other colo-
rants. Therefore, the width of an image to be formed by one
scanning is large.

Accordingly, when a mode for monochrome printing is
specified, the head movement control and the conveyance
control are changed. Specifically, in the monochrome print-
ing, control is performed so that ink is ejected from all of the
nozzles for the first colorant both in the forward direction and
the backward direction of the main-scanning direction. In the
image formation using only the first colorant as illustrated in
FIG. 11, the double-wide image width corresponds to the
number of the nozzles for the first colorant, i.e., fifteen
nozzles. By repeating the conveying operation and scanning
by the amount of the fifteen nozzles, an image is formed.
Therefore, it is possible to increase the speed of image for-
mation in the mode for forming an image using only the first
colorant.

First Modification

A first modification of the recording head 14 of the first
embodiment will be described below with reference to FIGS.
12 to 14. FIG. 12 is a diagram illustrating another example of
disposition of nozzles of the recording head 14. FIG. 13 is a
diagram for explaining an overview of control for unifying
landing order when an upper end of an image is printed with
the head structure illustrated in FIG. 12. FIG. 14 is a diagram
for explaining an overview of control for unifying landing
order when a lower end of an image is printed with the head
structure illustrated in FIG. 12.

In FIG. 12, nozzles contained in each nozzle row are
divided into three nozzle groups of the first group to the third
group in this order from the upstream side to the downstream
side in the conveying direction. With this head structure, head
movement control and conveyance control are performed as
illustrated in FIGS. 13 and 14. Accordingly, the landing order
is unified as the order of the fourth colorant, the second
colorant, the first colorant, and the third colorant.

Second Modification

In general, a path for supplying colorant to a nozzle (colo-
rant supply path) is formed inside the recording head 14. In
the head structure of the first embodiment, nozzles for eject-
ing different colorants are arrayed in the nozzle row direction.
Therefore, in some cases, it is necessary to arrange a region
where an unused nozzle is present or where no nozzle is
present between nozzles for different types of colorants. This
is because supply paths for different colorants interfere with
each other in the layout and a nozzle cannot be disposed in the
interference area.

A second modification of the recording head 14 of the first
embodiment, in which the above situation is taken into
account, will be described below with reference to FIGS. 15
to 18. FIG. 15 is a diagram illustrating still another example of
disposition of nozzles of the recording head 14. FIG. 16 is a
diagram for explaining an overview of control for unifying
landing order of ink when an upper end of an image is printed
with the head structure illustrated in FIG. 15. FIG. 17 is a
diagram for explaining an overview of control for unifying
landing order when a lower end of an image is printed with the
head structure illustrated in FIG. 15. FIG. 18 is a diagram for
explaining an overview of control performed when mono-
chrome printing is performed with the head structure illus-
trated in FIG. 15.

As illustrated in FIG. 15, the recording head 14 of the
second modification includes, in the first nozzle row, one
unused nozzle row between a nozzle row for the third colorant
and a nozzle row for the second colorant and other unused

20

30

40

45

14

nozzle row between a nozzle row for the second colorant and
a nozzle row for the first colorant. Similarly, the recording
head 14 of the second medication includes, in the second
nozzle row, an unused nozzle row between a nozzle row for
the first colorant and a nozzle row for the fourth colorant. In
FIG. 15, an example is illustrated in which only one nozzle is
contained in each of the unused nozzle row; however, two or
more nozzles may be contained.

With the head structure in FIG. 15, head movement control
and conveyance control are performed, for example, as illus-
trated in FIGS. 16 and 17. Therefore, the landing order is
unified as the order of the fourth colorant, the first colorant,
the second colorant, and the third colorant. Further, when
monochrome printing is performed with the head structure of
FIG. 15, head movement control and conveyance control are
performed, for example, as illustrated in FIG. 18.

When the unused nozzle rows are contained as illustrated
in FIG. 15, a doubled-width for the image formation can be
maximized at the time of monochrome printing by satisfying
the following condition. Namely, (1) the number of unused
nozzles in each unused nozzle row is made identical, and (2)
the unused nozzles in the first nozzle row and the unused
nozzles in the second nozzle row are made not to overlap each
other (the unused nozzles in the respective nozzle rows are not
adjacent to each other).

As described above, even when there is disposed the
unused nozzle row or a region where no nozzle is present at
the boundary between the nozzle groups of mutually different
colorants, the same method as the above embodiment can be
applied.

Third Modification

In the above embodiment and modifications, one recording
head 14 is provided and each nozzle row is linearly arranged.
In a third modification, an example is explained in which a
plurality of recording heads 14 is provided. FIG. 19 is a
diagram illustrating another configuration example of the
recording head 14. As illustrated in FIG. 19, an inkjet record-
ing apparatus of the third modification includes three record-
ing heads 14a, 145, and 14c.

The recording heads 14a, 145, and 14c¢ respectively corre-
spond to the third group, the second group, and the first group
of'the recording head 14 illustrated in FIG. 8. That is, the third
modification is different only in that the recording head 14 is
physically divided into three heads, and the head movement
control and the conveyance control can be performed by
applying the same method as that of the recording head 14
illustrated in FIG. 8.

Fourth Modification

In a fourth modification, an example will be described in
which a plurality of recording heads 14 is provided as simi-
larly to the third modification, where nozzle rows are
arranged in a zigzag manner. FIG. 20 is a diagram illustrating
another configuration example of the recording head 14. As
illustrated in FIG. 20, an inkjet recording apparatus of the
fourth modification includes three recording heads 14a-2,
14b6-2, and 14¢-2.

As in FIG. 20, the fourth modification is different from the
third modification in that nozzles in each nozzle row are
arranged in a zigzag manner. The head movement control and
the conveyance control can be performed by applying the
same method as that of the third modification.

As described above, according to the inkjet recording
apparatus of the first embodiment, black nozzles and color
nozzles are disposed at least in two nozzle rows so that (1) the
black nozzles and the color nozzles are arranged in the nozzle
row direction, (2) a part of the black nozzles and a part of the
color nozzles are interchanged with each other between the
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nozzle rows, (3) the number of the black nozzles is greater
than the number of the color nozzles. Accordingly, the land-
ing order of colorants in the bidirectional printing can be
unified. With this arrangement, it is possible to form an image
with unified landing order by at least three head scanning. In
this case, the color nozzles are driven in the forward direction
and the backward direction of scanning while the black
nozzles are driven only in one direction of the scanning.

As described above, according to the inkjet recording
apparatus of the first embodiment, band unevenness that
occurs during color bidirectional printing can be relieved by
simple nozzle arrangement. Besides, the speed of black
monochrome printing can be made several times faster than
the speed of color printing.

In the above example, a droplet ejected from the recording
head 14 is an ink droplet for each color used for printing a
color image; however, the present invention is not limited to
this example. For example, the droplet may be a droplet of
fixation adjuvant or a droplet of glaze control agent. Even for
these droplets, according to the method of the present
embodiment, the landing order at the time of bidirectional
ejection of a droplet can be unified and the speed of ejection
of a specific type of a droplet among a plurality of types of
droplets can be increased with a simple head structure.

Second Embodiment

In the first embodiment, an example is explained in which
the color nozzle and the black nozzle are interchanged with
each other at the end portion of the nozzle row. For example,
in the head structure of FIG. 8, the black nozzles arranged in
the second nozzle row and the color nozzles arranged in the
first nozzle row are interchanged with each other in the one of
the nozzle groups (first group) at the end portion on the
upstream side in the conveying direction. Further, in the head
structure illustrated in FIG. 12, the black nozzles arranged in
the first nozzle row and the color nozzles arranged in the
second nozzle row are interchanged with each other in the one
of'the nozzle groups (second group) at the end portion on the
upstream side in the conveying direction.

In the second embodiment, an explanation will be given of
unification of the landing order at the time of bidirectional
printing and control for high-speed monochrome printing
with the head structure in which color nozzles are arranged in
a zigzag manner. The configurations of a whole mechanical
unit and a control unit of an inkjet recording apparatus of the
second embodiment are the same as those illustrated in FIGS.
1 to 7, and therefore, explanation thereof is not repeated.

FIG. 21 is a diagram illustrating an example of disposition
of nozzles of a recording head 214 according to the second
embodiment. In FIG. 21, an example is illustrated in which
the first group, the second group, and the third group in the
first nozzle row contain nozzles for the first colorant, nozzles
for the second colorant, and nozzles for the first colorant,
respectively. Further, in FIG. 21, an example is illustrated in
which the first group, the second group, and the third group in
the second nozzle row contain nozzles for the fourth colorant,
nozzles for the first colorant, and nozzles for the third colo-
rant, respectively.

The head configuration of FIG. 21 is one example. For
example, a head structure described below may be applied.
Specifically, when an image is formed by using p types of
colorants (p is an integer equal to or greater than three), the
first nozzle row is divided into (p-1) groups such that the m-th
group (m is an odd number that satisfies 1=m=(p-1)) handles
the first colorant and the n-th group handles the n-th colorant
(n is an even number that satisfies 2<n=(p-1)). Further, the
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second nozzle row is divided into (p-1) groups such that the
h-th group (h is an odd number that satisfies 1<h=(p-1)
handles the h-th colorant and the i-th group (i is an even
number that satisfies 2=i=(p-1)) handles the first colorant.
The colorants for the n-th group and the h-th group are mutu-
ally different types of colorants among the p-types of colo-
rants.

An explanation will be given of, with reference to FIGS. 22
to 24, a control method for unifying the landing order at the
time of bidirectional printing by the recording head 214 con-
figured as illustrated in FIG. 21. FIG. 22 is a diagram for
explaining an overview of control for unifying landing order
of'ink when an upper end of an image is printed. FIG. 23 is a
diagram for explaining an overview of control for unifying
landing order of ink when a lower end of an image is printed.
FIG. 24 is a diagram for explaining an overview of control
performed when monochrome printing is performed with the
head structure illustrated in FIG. 21.

With the head structure of FIG. 21, head movement control
and conveyance control as illustrated in FIGS. 22 and 23 are
performed, so that the landing order is unified as the order of
the fourth colorant, the first colorant, the second colorant, and
the third colorant. When monochrome printing is performed
with the head structure as illustrated in FIG. 21, head move-
ment control and conveyance control are performed, for
example, as illustrated in FIG. 24.

First Modification

A first modification of the recording head 214 of the second
embodiment will be described below with reference to FIGS.
2510 27. FIG. 25 is a diagram illustrating another example of
disposition of nozzles of the recording head 214. FIG. 26 is a
diagram for explaining an overview of control for unifying
landing order of ink when an upper end of an image is printed
with the head structure illustrated in FIG. 25. FIG. 27 is a
diagram for explaining an overview of control for unifying
landing order when a lower end of an image is printed with the
head structure illustrated in FIG. 25.

With the head structure of FIG. 25, head movement control
and conveyance control are performed as illustrated in FIGS.
26 and 27. Accordingly, the landing order is unified as the
order of the fourth colorant, the second colorant, the first
colorant, and the third colorant.

Second Modification

A second modification of the recording head 214 of the
second embodiment will be described below with reference to
FIGS. 28 to 31. FIG. 28 is a diagram illustrating still another
example of disposition of nozzles of the recording head 214.
FIG. 29 is a diagram for explaining an overview of control for
unifying landing order of ink when an upper end of an image
is printed with the head structure of FIG. 28. FIG. 30 is a
diagram for explaining an overview of control for unifying
landing order of ink when a lower end of an image is printed
with the head structure of FIG. 28. FIG. 31 is a diagram for
explaining an overview of control performed when mono-
chrome printing is performed with the head structure of FIG.
28.

As illustrated in FIG. 28, the recording head 214 of the
second modification includes one unused nozzle row between
one nozzle row for the first colorant and a nozzle row for the
second colorant, and another unused nozzle row between the
nozzle row for the second colorant and another nozzle row for
the first colorant, in the first nozzle row. Similarly, the record-
ing head 214 of the second modification includes, in the
second nozzle row, one unused nozzle row between a nozzle
row for the third colorant and a nozzle row for the first colo-
rant and another unused nozzle row between a nozzle row for
the first colorant and a nozzle row for the fourth colorant.
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With the head structure of FIG. 28, head movement control
and conveyance control are performed, for example, as illus-
trated in FIGS. 29 and 30. Accordingly, the landing order is
unified as the order of the fourth colorant, the first colorant,
the second colorant, and the third colorant. Further, when
monochrome printing is performed with the head structure of
FIG. 28, head movement control and conveyance control are
performed, for example, as illustrated in FIG. 31.

As described above, according to the recording head 214 of
the second embodiment, with the same control as that of the
first embodiment, it is possible to relieve band unevenness at
the time of bidirectional printing and increase the speed of
black monochrome printing than the speed of color printing
with a simple nozzle arrangement.

According to one aspect of the present invention, with a
simple nozzle arrangement, landing order of ink for the bidi-
rectional printing can be unified and speed for the mono-
chrome printing can be increased.

Best modes for carrying out the present invention are
described above. However, the present invention is not lim-
ited to the embodiments described above as the best modes.
The present invention can be modified without departing
from the scope of the present invention.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

The invention claimed is:

1. An image forming apparatus comprising:

a recording head having a first nozzle row and a second
nozzle row that are adjacent to each other in a direction
perpendicular to a conveying direction of a recording
medium, a plurality of nozzles being arrayed in the
conveying direction in each of the first nozzle row and
the second nozzle row, each of the nozzles ejecting one
ofp types of droplets including a predetermined specific
type of droplets, where p is an integer equal to or greater
than three;

a moving unit that relatively reciprocates the recording
medium and the recording head in a direction perpen-
dicular to the conveying direction; and

a control unit that controls ejection of the p types of drop-
lets from the nozzles, wherein

the plurality of nozzles in each of the first nozzle row and
the second nozzle row, respectively, are divided into
(p-1) nozzle groups in the conveying direction,

first nozzles of nozzles in a k-th nozzle group (1=<k=p-1) in
the conveying direction and in the first nozzle row ejects
the specific type of droplets, and second nozzles of the
nozzles in the k-th nozzle group in the conveying direc-
tion and in the second nozzle row ejects one of the p
types of droplets other than the specific type of droplets,

nozzles of each of the (p-1) nozzle groups that do not eject
the specific type of droplets eject different one of the p
types of droplets other than the specific type of droplets,

nozzles of one of the (p-1) nozzle groups ejecting the
specific type of droplets at (p—1)th in the conveying
direction and nozzles of other one of the (p—1) nozzle
groups ejecting the specific type of droplets at (p—2)th in
the conveying direction belong to different nozzle rows,
the control unit controls to eject, in a first of directions of
the reciprocal movement, the p types of droplets other
than the specific type of droplets from the nozzles of
each of the (p-1) nozzle groups that do not eject the
specific type of droplets, the specific type of droplets
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from the nozzles of the one of the (p-1) nozzle groups
ejecting the specific type of droplets at the (p-1)th in the
conveying direction and from the nozzles of the other
one of the (p-1) nozzle groups ejecting the specific type
of droplets at the (p—2)th in the conveying direction, and
the control unit controls to eject, in a second of the
directions of the reciprocal movement, the p types of
droplets other than the specific type of droplets from the
nozzles of each of the (p-1) nozzle groups that do not
eject the specific type of droplets, and
third nozzles and fourth nozzles of the nozzles eject the
specific type of droplets, the third nozzles being in the
first nozzle row and in a (p-1)th nozzle group of the
(p-1) nozzle groups in the conveying direction, the
fourth nozzles being in the second nozzle row and in
(p-2)thto afirst nozzle group of the (p-1) nozzle groups
in the conveying direction.
2. The image forming apparatus according to claim 1,
wherein
the first nozzle row and the second nozzle row are arranged
in this order from an upstream side to a downstream side
in a forward direction of the reciprocal movement,
the nozzles of the one of the (p-1) nozzle groups ejecting
the specific type of droplets at (p—1)th in the conveying
direction from the upstream side thereof belong to the
first nozzle row,
the nozzles of the other one of the (p-1) nozzle groups
gjecting the specific type of droplets at (p-2)th in the
conveying direction from the upstream side thereof
belong to the second nozzle row, and
the control unit controls to eject, in the forward direction of
the reciprocal movement, the p types of droplets other
than the specific type of droplets from the nozzles of
each of the (p-1) nozzle groups that do not eject the
specific type of droplets, and the specific type of droplets
from the nozzles of the one of the (p-1) nozzle groups
ejecting the specific type of droplets at the (p-1)th in the
conveying direction and from the nozzles of the other
one of the (p-1) nozzle groups ejecting the specific type
of droplets at the (p—2)th in the conveying direction, and
the control unit controls to eject, in a backward direction
of the reciprocal movement, the p types of droplets other
than the specific type of droplets from the nozzles of
each of the (p-1) nozzle groups that do not eject the
specific type of droplets.
3. The image forming apparatus according to claim 1,
wherein
nozzles of odd-numbered nozzle groups of the (p-1)
nozzle groups in the first nozzle row in the conveying
direction and nozzles of even-numbered nozzle groups
of the (p-1) nozzle groups in the second nozzle row in
the conveying direction eject the specific type of drop-
lets.
4. The image forming apparatus according to claim 1,
wherein
each ofthe (p-1) nozzle groups contains a same number of
nozzles.
5. The image forming apparatus according to claim 1,
wherein,
when nozzles in adjacent nozzle groups in the same nozzle
row eject different types of droplets, the nozzles in the
adjacent nozzle groups contain at least one nozzle that
does not eject the droplets at a boundary of the adjacent
nozzle groups.
6. The image forming apparatus according to claim 5,
wherein
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each of the adjacent nozzle groups containing the nozzle

that does not eject the droplets at the boundary thereof

contains a same number of the nozzle that does not eject
the droplets.
7. The image forming apparatus according to claim 5,

20

nozzles of one of the (p-1) nozzle groups ejecting the

specific type of droplets at (p—1)th in the conveying
direction and nozzles of other one of the (p—1) nozzle
groups ejecting the specific type of droplets at (p—2)th in
the conveying direction belong to different nozzle rows,

wherein
a nozzle that does not eject the droplets in the adjacent
nozzle groups in the first nozzle row and a nozzle that

the control method comprising:
relatively reciprocating the recording medium and the

does not eject the droplets in the adjacent nozzle groups
in the second nozzle row are disposed so as not to be

recording head in a direction perpendicular to the con-
veying direction; and

adjacent to each other in the direction perpendicular to 10 controlling to eject, in one of directions of the reciprocal

the conveying direction. movement, the p types of droplets other than the specific

8. A control method implemented by an image forming type of droplets from the nozzles of each of the (p-1)

apparatus that includes: nozzle groups that do not eject the specific type of drop-

a recording head haVlng. a first nozzle row e}nd a.secqnd lets, and the specific type of droplets from the nozzles of
nozzle row that are adjacent to each other in a direction 15 N -

. . L . the one of the (p-1) nozzle groups ejecting the specific
perpendicular to a conveying direction of a recording fdropl h Dihin th o directi
medium, a plurality of nozzles being arrayed in the type of droplets at the (p~1)th in the conveying direction
conveying direction in each of the first nozzle row and and from the nozzles of the other one of the (p-1) nozzle
the second nozzle row, each of the nozzles ejecting one groups ejecting .the spemﬁc type ofdrople.ts at thf? (p—.2)
of p types of droplets including a predetermined specific 20 th in the conveying direction, and controlling to gject, in
type of droplets, where p is an integer equal to or greater a second of the directions of the reciprocal movement,
than three, wherein the p types of droplets other than the specific type of

the plurality of nozzles in each of the first nozz.le? row gnd droplets from the nozzles of each of the (p-1) nozzle
the second nozzle row, respectlvgly, are d.1V1ded into groups that do not eject the specific type of droplets,
(p-1) nozzle groups in the conveying direction, 25 wherein
first nozzles of nozzles in k-th nozzle group (1<k=p-1) in .
. L . . third nozzles and fourth nozzles of the nozzles are con-
the conveying direction and in the first nozzle row ejects . . .

. trolled to eject the specific type of droplets, the third
the specific type of the droplet, and second nozzles of the les beine in the fi ) 4 Dith
nozzles in the k-th nozzle group in the conveying direc- nozzles cing Ilnht © lr st nozlz © Iow an hm a (p- ,)t
tion and in the second nozzle row ejects one of the p 5, nozzle group ofthe (p-1) nozzle groups in the conveying

types of droplets other than the specific type of droplets,
nozzles of each of the (p-1) nozzle groups that do not eject
the specific type of droplets eject different one of the p
types of droplets other than the specific type of droplets,

direction, the fourth nozzles being in the second nozzle
row and in (p-2)th to a first nozzle group of the (p-1)
nozzle groups in the conveying direction.
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